This article focuses on the monitoring of a wind farm in real time based on big data collected by Supervisory Control and Data Acquisition (SCADA) system. The decisionmaking of the type of maintenance to be applied can be insured by SCADA system. This system generates alarms based on the collected data. False alarms cause false interventions by the maintenance team resulting in loss of production and costs. The reduction of these false alarms makes it possible to contribute better to the management of the maintenance of the wind farm. In this paper, we propose a new approach for the identification of alarms by Fuzzy Logic based on the data collected by the SCADA system. The alarms generated in this case can be divided into two categories: orange alarms corresponding to faults requiring the intervention of preventive maintenance and red alarms corresponding to critical states that can cause system failures.
Introduction
The generation of electricity through wind energy systems is demanded by the industry in order to increase the competitiveness of the business. The maintenance of these systems becomes very complex because the stochasticity of the random loads can cause catastrophic failures ¡Error! No se encuentra el origen de la referencia.. The optimization of the maintenance planning is a crucial factor for the efficiency of the wind farms ¡Error! No se encuentra el origen de la referencia.. With this purpose, wind turbines (WT) can be monitored by SCADA or condition monitoring systems to detect failures ¡Error! No se encuentra el origen de la referencia.¡Error! No se encuentra el origen de la referencia., risks ¡Error! No se encuentra el origen de la referencia. and to take necessary actions online. Several studies have proved the efficiency of this systems in the WTs ¡Error! No se encuentra el origen de la referencia. and other types of industries ¡Error! No se encuentra el origen de la referencia. [ 
10][9][15].
False alarms generated by SCADA system are a important problem because they cause unnecessary stops, false interventions by the maintenance team, loss of production and, consequently, extra costs. Some studies aim to eliminate false alarms of WTs [4] . Chen et al. ¡Error! No se encuentra el origen de la referencia. present a study on the treatment of SCADA using an artificial neural network 'ANN'. Qiu et al ¡Error! No se encuentra el origen de la referencia. proposes two methods (sequential and probabilistic) for the analysis of alarms for two large onshore wind farms considering the defects of pitch and converter systems. This paper proposes a new approach based on fuzzy logic for controlling wind farms considering the big data collected by SCADA system, and give a complementary response to strengthen the response of the SCADA. Figure 1 shows the general structure of a fuzzy system ¡Error! No se encuentra el origen de la referencia.. In the fuzzification part, any numeric value of the input data is converted into a linguistic value between 0 and 1. The fuzzy system requires functions for each input data:
- Therefore, a total of 3 n rules will provide all possible combinations of the input variables.
Defuzzification is the process of producing a quantifiable result given fuzzy sets and corresponding membership degrees. There are many types of defuzzification methods, usually maximum membership and centroid techniques are used ¡Error! No se encuentra el origen de la referencia.,¡Error! No se encuentra el origen de la referencia..
Methodology proposed
In this paper, a novel methodology is presented to make an original treatment of the SCADA dataset. The flowchart of the methodology proposed is shown by Figure 2 . In the diagram adopted for the identification of alarms, it is integrated the real data collected by SCADA system with the fuzzy system. With this purpose, the SCADA data will be preprocessed before of being inputted in the fuzzy system. This preprocess starts with the evaluation of the simple moving average (SMA) of the SCADA signals. Then, the difference between the signals and the SMA is calculated. These differences will be used as input vectors for the fuzzy system.
Once the new variables have been obtained, the next step is to establish some control laws for them. The new variables will be analyzed statistically to obtain two thresholds. These thresholds will separate the graph into three different regions. Figure 3 shows the definition of the thresholds and the regions (good, acceptable, unacceptable) considered. This classification allows for determining the member functions of the inputs of the fuzzy system and generate the fuzzy system. The control of each physical parameter collected by SCADA can be represented by the difference between the values of all the peaks and the mean value. The fuzzy inference system is based on different rules to generate the occurrence probabilities of the alarms in the output ¡Error! No se encuentra el origen de la referencia..
The output of the fuzzy logic will correspond to three different scenarios:
-No alarm: The parameters analyzed have adequate values and the condition of the WT is correct. The output of the fuzzy logic is less than 0.5. -Orange alarms: indicator of probable defects that do not cause problems for maintenance planning and can be programmed with daily or weekly preventive maintenance tasks. This alarm will be considered when the output of fuzzy system is between 0.5 and 0.75. -Red alarms: critical states (maximum values for more than one physical variable), which requires diagnosis and urgent intervention to return the status parameters to acceptable levels. This alarm will be considered when the output of fuzzy system is more than 0.75.
Real Case Study
The data considered for this real case study is obtained from the European Project entitled OPTIMUS ¡Error! No se encuentra el origen de la referencia.. The database used in this paper come from a SCADA system that provides different measures every 10 minutes in the period from 01/01/2015 to 28/03/2015. The system measure 37 physical variables, but in this paper only 4 parameters have been considered to simplify the example. These parameters correspond to the speed of main shaft (Vel), vibration at the main shaft (Vibr), oil temperature (Toil) and bearing temperature (Tbear). Figure 4 shows these parameters. The same procedure will be applied to the rest of variables. The new variables will be obtained by the following equations: Figure 4 will be transformed to Figure 6 , considering the new variables. The red line of each variable shows the value of the variable. The displacements to the left or the right of these lines generates a new position of the output, and therefore, a new probability of alarm. Once, the fuzzy system is defined, it is possible to represent surfaces that explain the behavior of the system under different conditions. For example, Figure 8 represents the probability of alarm depending on DTbear and DVibr.
It is noted that the probability varies proportionally with the temperature of the bearings and the vibration. For values of DTbear and DVibr respectively less than certain value, the probability has very minimal values, in opposite, the probability of alarm increase exponentially when these values are exceeded. The system built has been proved by performing a simulation with the SCADA data. The results of the simulations are shown in Figure 9 . The system provides a certain probability of alarm regarding to the inputs. This method allows to transform the data collected by the SCADA system into probability of alarms. It can be a useful information for complementing the decision making. The methodology can aid to reduce false alarms because when a critical alarm arises from the SCADA system, the response of the fuzzy system can reinforce that alarm.
Conclusions
In this paper, a new methodology based on fuzzy logic is proposed in order to analyze the SCADA data and provide an alternative decision support. The main purpose is to process the signals collected by the SCADA system from a different perspective. These signals are converted into new variables to be inputted in the fuzzy system. A fuzzy system has been created using several standards and considering the signals of the SCADA system from a statistical point of view. The creation of the fuzzy systems implies the definition of a set of fuzzy rules. In this case, the variables considered correspond to the distance of the value measured by the SCADA to the simple moving average. The more distance to the average, the more probability of being an abnormal measure, and therefore, the more probability to generate an alarm.
Three different outcomes of the fuzzy system have been considered. Firsty, the values are in range of normal behavior and no actions are required. Secondly, orange alarms where the probability of alarm reaches exceeds a defined threshold but it is not a critical point. Finally, red alarm when the probability is unacceptable and the system need an urgent action.
The results of this methodology can become a statistical support for the generation of alarms. The methodology can be also used as a complementary information for evaluate the priority of each alarm.
